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Abstract The HERA proton ring is equipped with superconducting
dipole and quadrupole magnets.
The adjustment of the working point and the chromaticity
correction are provided by quadrupole and sextupole
correction coils, mounted on the cold beam pipe inside the main
dipole magnets. The coils are fixed on the pipe by epoxy and a
strong glass fibre wrapping.
The orbit correction in the proton ring is made by means of
superferric correction dipoles mo~nted in common cryostats with
the main quadrupoles and beam position monitors. The layout,
production methods, and performance of the dipole-correction
magnet will be described.
INTRODUCTION
In close co-operation between HOLEC, the Dutch high-energy research
centre NIKHEF and DESY the development of superconducting
sextupole/quadrupole correction coils and superferric correction
dipoles was successfully completed in 1985. The production of
prototypes and the pre-series of both types of magnets were realized
in 1986. Industrial series production of 467 S.c. S/Q-correction
magnets and 255 S.C.D-correction magnets were completed in summer
1988. The total of 722 superconducting correction magnets have been
built by HOLEC industry in The Netherlands and was with this, one of
the first companies to produce S.c. Magnets in series and delivered
both types of magnets according to the agreed time schedule. The
results from the field measurements of the S/Q-coils to determine
the field harmonics, show that all unwanted multipoles are
considerably within the allowed limits of ± 0.01. The field
measurement allows also to determine the misalignment angle between
the quadrupole and sextupole coil. The average value is 1.0 ± 3.2
mrad, which again is well below the specified limits of ± 7 mrad. We
can conclude that the field quality of all 467 correction coils is
much better than specified and more than adequate for the use of the
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correction coils in the HERA proton ring. A cryogenic test of all
correction coils was performed to show the quench currents behaviour
in an external field of 5.08 T and a helium bath temperature of
4.35-4.40 K. The test results obtained were almost excellent since
more than 80% reached or exceeded the specified critical current of
the superconductor (290 A) while the remaining coils exceed the
acceptance qualification level of 230 A. The number of training
steps was in general between 0 and 5. More than 99% of the coils
exceeded the nominal operating current without any quench and more
than 90% went beyond twice the nominal current without training. One
of the prototype coils was retested more than a year later. It
reached 300 A without training. This demonstrates that no fatigue
occurs in the R-glass compression wrapping and the glue joints and
that the conductors are very well immobilized. Skilful workmanship,
careful construction engineering and a flawless superconductor are
of course a necessary condition for such a good performance.
For the correction dipoles the central field was measured using
a Hall probe. A multipole measurement with a rotating pickup coil is
performed only for sample magnets since the field quality is largely
determined by the accurate iron yoke and very reproducible from
magnet to magnet. The majority of the dipole magnets achieves quench
currents above 100 A which is above the specified qualification
level of 75 A (At this current, the Lorentz forces acting on the
windings are a factor of 4 larger than at the nominal current of 35
A) •
DIPOLE CORRECTION MAGNET
The correction dipole is a window frame magnet with an iron yoke of
610 rom length and 75 rom gap and two superconducting saddle coils. A
cross section is shown in Fig. 1. Since every dipole has to be
powered individuailly, a low operating current (35 A for the nominal
field of 1.17 T) and a correspondingly large number of turns (1000
per coil) are essential. The superconductor has a diameter of 0.56
rom, a copper to NbTi ratio of 3.7:1 and contains 36 filaments of 45
~ diameter. The specified critical current is 250 A at 1.5 T.
SUPERCONDUCTING DIPOLE-MAGNETS [649]/171
is finished, the
long straight sections and
the arcs of the coil are
through epoxy. When the
The wire is insulated by a
polyesterimid varnish. The
coils are wound in a flat,
racetrack- like winding
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constrained by precise
compression bars. The
center of the short
straight section (the arc of the coil) is clamped in a fibre glass
bracket. Then the long straight sections are folded up, allowing a
natural bending of the unconstrained short sections into the saddle
shape. After bending the coil is baked in an oven at 150a C for two
hours. This novel technique of producing saddle-shaped coils with
many turns of thin conductor has proven to be quite reliable. The
epoxy used for impregnation is a mixture of Epikote 215 and Versamid
140 in a ratio of 1:1. In the preseries and early series production
the epoxy was used without filling material. Since in a number of
magnets excessive training was observed, it was decided to add Al203
powder (40% by volume)to the epoxy, thereby reducing the
differential shrinkage between the superconductor and the
impregnation during cooldown. The magnets with Al20 3 filled epoxy
show infact a considerable reduction in training steps. The coil is
continually checked for damage to wires or lacquer insulation or
loose wires in the coil heads. Besides mechanical and electrical
measurements are made to ensure that all technical requirements and
tolerances are met. The iron yoke with a length of 610 + 0/-1 rom is
split into two halves which are assembled from 5 rom thick precision-
stamped soft iron laminations.The coils are insulated with 125 ~
Kapton and fixed in the half yokes by means of bronze angles. A "Z"
shaped 8.15 rom stainless steel foil is placed between the insulated
coil and the yoke to avoid friction of the coil on the rough inner
surface of the yoke during cooldown. The bronze angles are fixed on
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the yoke by means of stainless knobs which are spot- welded against
the laminations. The laminations are held together by 8 rom thick
stainless steel rods. These rods determine the longitudinal
shrinkage during cooldown. The soft steel shrinks by 0.2% whereas
the stainless steel rods and the superconducting coils contract by
0.3%. The stacking of the laminations is sufficiently loose to allow
for a 0.3% shrinkage of the magnet. The two half yokes are mounted
in a press and pushed together with a force of 5000 N. Two keys of
accurately ground flat steel (5.9 rom wide, 10 rom high) are inserted
into the slots of 5.9 rom width to ensure the horizontal alighnment
of the yoke halves. A welding machine is making the two 'weld joints
in the horizontal plane simultaneously. The welding material is
stainless steel with almost the same thermal contraction as the
coils. The field quality requires a straightness of the yokes of
better than 0.2 rom, a twist angle of less than 3 mrad, and a
parallelism of the pole faces of better than 0.5 mID. The coils have
a height and width tolerance of 0.03 rom and 0.1 rom respectively.
These requiremets are achieved using precision tooling.
Performance
The observed distribution of quench currents of all 255 correction










































Fig. 3a Central field as a
function of the current.
current [A]
Fig. 3b Sextupole coefficient
b3 as a function of
the current.
In Figures 3a and 3b we sumarize the field measurements done on the
series magnets. The field increases almost linearly with the current
up to 2 T. The only significant higher multipole is the normal
sextupol. The coefficient b3 is slightly negative for small
currents, but rises steeply for currents above 50 A, where the iron
yoke starts to saturate. The remanent field in the iron has been
measured to be 5 Gauss.
